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intraparietal sulcus (IPS), a possible source of the memory-sensitive brainwave. Activity in the IPS reaches a peak when storage capacity in working memory has been exhausted 9, 10 , suggesting that this region is directly involved in the storage of information in working memory.
If the IPS can be conceived of as a capacitylimited nightclub, then where might the bouncer reside in the brain? McNab and Klingberg 4 addressed this question by using cues to inform subjects whether the ensuing display would contain irrelevant distractors. When the cues indicated that distractors would be presented, elevated activity was observed in the prefrontal cortex (PFC) and basal ganglia before the onset of the memory array. This filtering set activity was interpreted as a possible neural implementation of the bouncer. Indeed, activity in the PFC and basal ganglia showed a positive correlation with individual workingmemory capacity, consistent with the notion that working-memory ability is intertwined with selection efficiency. The subjects who could hold more items in working memory were the same subjects who had higher levels of filtering set activity.
Finally, consistent with prior research, the authors identified a region in posterior parietal cortex that was sensitive to the number of items that were held in memory. This enabled the authors to measure the degree to which irrelevant items were stored in working memory by comparing this parietal activity in trials with and without distractors. The efficiency of the bouncer was quantified by comparing parietal activity in conditions where there were three target stimuli, with and without distractors. Increased parietal activity in the distractor condition provided an objective measure of unnecessary storage in working memory. Consistent with the previous study 7 , individual working-memory capacity was inversely correlated with unnecessary storage in working memory. High-capacity subjects were less likely than low-capacity subjects to store the distractors in memory. In addition, a targeted analysis of the globus pallidus (a subregion of the basal ganglia) revealed that higher filtering set activity in this region was inversely correlated with unnecessary storage. Taken as a whole, these data highlight the possibility that the globus pallidus may be the bouncer of the mind.
The basal ganglia seem to be well-situated for such a role in excluding task-irrelevant information because they are closely interconnected with the PFC via a series of wellcharacterized loops 11 . Indeed, computational models propose that the basal ganglia provide a dynamic gating mechanism for working memory by transiently providing either an inhibitory or disinhibitory signal to the PFC 12 . This role for basal ganglia in working memory is thought to be much like its involvement in gating the selection of actions in motor regions of the PFC 13 . In addition, the involvement of the basal ganglia in selecting items to be remembered is consistent with evidence that this structure is important for a person's ability to shift between task sets (such as choosing between different plans of action in an otherwise ambiguous situation) 14 , a process that is known to involve the active inhibition of irrelevant task sets 15 . Together, the PFC and basal ganglia may determine what information is on the 'guest list' for the current task, which then determines which items will gain admittance to the small working-memory nightclub in the parietal cortex. The McNab and Klingberg 4 study provides direct evidence for the basal ganglia and PFC in controlling the flow of task-relevant information into working memory. Moreover, their results help us to understand the neural mechanisms underlying individual differences in working-memory capacity. Individual variation in this capacity is well known to be associated with complex behavioral abilities such as cognitive control and fluid intelligence. Thus, this exciting new work suggests that these important cognitive differences between individuals may stem from variability in how well the basal ganglia and PFC interact to selectively bounce task-irrelevant information from working memory.
Dynamin-independent synaptic vesicle retrieval?

Helmut Krämer & Ege T Kavalali
A new study proposes that synaptic vesicle endocytosis at a large synaptic terminal is partly independent of dynamin and GTP hydrolysis, suggesting a new mechanism leading to vesicle fission and maintenance of neurotransmission.
Among the most astonishing mutants in flies are the temperature-sensitive alleles of shibire. These mutants are paralyzed when their temperature is raised to 30 °C, yet they resume activity rapidly after their return to 25 °C. Their paralysis is mirrored by the trapped endocytic intermediates that decorate vesicle-depleted synapses of shibire mutants at the elevated temperature 1 . The dynamin GTPase encoded by the shibire gene has since been implicated as being important in endocytic events. Dynamin's GTPase activity is required to pinch vesicles off the plasma membrane once a critical curvature is reached during endocytosis 2 . Mutants and biochemicals that inhibit this 'pinchase' activity have become standard tools for assessing the importance of endocytosis at synapses and elsewhere.
In the current issue, Xu et al. 3 report an elegant set of experiments that led them to propose that at least some components of synaptic vesicle endocytosis operate independently of dynamin and GTP hydrolysis. The authors took advantage of the intracellular accessibility of the calyx of Held, a large nerve terminal in the auditory brainstem, to examine the dependence of synaptic vesicle endocytosis on dynamin. Notably, they found that several manipulations aimed to disrupt dynamin function blocked endocytosis only transiently. Synaptic vesicle endocytosis recovered, despite the continued presence of reagents that potently block dynamin function, and typically endocytic retrieval, in multiple systems.
The authors evoked exocytosis through direct depolarization of the calyx of Held terminal. A critical advantage of using this system is the ability to measure membrane capacitance, which is a direct method for assessing changes in membrane surface area resulting from exocytosis and endocytosis 4 . In such experiments, a swift rise in membrane capacitance as the result of the addition of excess membrane to the terminal surface area during exocytosis is followed by a rapid decrease that is due to endocytosis. In most systems, including the calyx of Held, the endocytic phase has both fast and slow kinetics. In the new experiments, the fast component of endocytosis had a time constant around 1 s, compared with 13 s for the slow component. Furthermore, in agreement with earlier findings, infusion of nonhydrolyzable analogs of GTP blocked fast and slow components of endocytosis, presumably by interfering with dynamin function 5 .
In addition to nonhydrolyzable GTP analogs, Xu et al. 3 used multiple reagents to interfere specifically with dynamin function 3 . First, they infused nerve terminals with dynasore 6 , a small membrane-permeable compound that inhibits the GTPase of both dynamins I and II. This manipulation caused a block or deceleration of rapid and slow endocytosis. Second, the authors took advantage of a proline richdomain peptide that prevents amphiphysin's recruitment of dynamin. Third, they used the pleckstrin-homology domain of dynamin to inhibit interactions between dynamin and phospholipids, which are critical for endocytosis. Finally, the authors dialyzed nerve terminals with an antibody against dynamin to block its function. All of the last three agents substantially inhibited slow endocytosis and slowed down the fast component. The manipulations that directly tamper with dynamin function (nonhydrolyzable GTP analogs and dynasore) inhibited both fast and slow endocytosis, whereas the reagents that interfere with dynamin's interaction with other proteins and lipids selectively impaired slow endocytosis. These results suggest that dynamin interactions may be more important for slow endocytosis, whereas dynamin alone may be sufficient to trigger fast endocytosis. Up until this point, Xu et al.'s findings 3 generally supported the existing notion that dynamin function is essential for synaptic vesicle endocytosis and were consistent with the selective loss of the fast component of synaptic vesicle recycling in dynamin I mutant mice 7 .
The surprise came when the authors continued to stimulate terminals after a nearly complete block of endocytosis. Repeated application of the stimulation protocol resulted in the recovery of endocytosis with similar fast and slow kinetics in the continued presence of GTPγS or other reagents. This occurred even after extensive dialysis of the nerve terminals with high concentrations of nonhydrolyzable GTP analogs. Notably, the capacitance measurements of this recovered endocytosis matched other measures of synaptic function, as they were coupled to exocytosis detected by postsynaptic recordings and uptake of the styryl dye FM1-43 that could be observed optically. Overall, recovered endocytosis shared all the basic characteristics of dynamin-and GTP-dependent endocytosis, except that it was insensitive to agents that interfere with GTP hydrolysis and dynamin function.
What kind of a mechanism could underlie the recovery of endocytosis? One possibility is macropinocytosis, which operates independently of dynamin, but requires the actin cytoskeleton. However, in the authors' hands, recovered endocytosis was insensitive to disruption of actin filaments by cytochalasin D 3 . Moreover, the kinetics of recovered endocytosis did not match the properties of bulk endocytic retrieval that were previously characterized by the same group in the calyx of Held 8 .
Taken together, these experiments and their unexpected results leave us with a major puzzle. Two questions come to mind. What is the mechanism that activates this dynaminand GTP-independent endocytosis? How does membrane scission operate without the perennial pinchase dynamin? The authors' experiments provide some clues for a future answer to the first question. They found that recovered endocytosis was recruited by repetitive stimulation, but was not a response to prolonged dialysis of nonhydrolyzable GTP analogs. In addition, recovered endocytosis was typically triggered after a reproducible increase in the membrane surface area. From these results, the authors propose that the number of vesicles that can be retrieved via a dynamin-and GTP-dependent mechanism is fixed, and therefore only vesicles released in excess of this pool are recovered via an alternative mechanism. They favor a scenario in which the vesicles are predestined for one form of retrieval or the other, and therefore they form separate pools (Fig. 1) . The GTP-and dynamin-dependent pool has a higher priority for release and retrieval, but limited capacity, saturation of which leads to release, and thus retrieval, of GTP-and dynamin-independent vesicles. Alternatively, dynamin-and GTP-dependent mechanisms can be exhausted by the onslaught of a large number of vesicles (~92 vesicles per active zone as estimated by Xu et al. 3 ) during intense stimulation, and thus require activation of the dynamin-independent mechanisms to preserve structural and functional homeostasis of nerve terminals.
Both possibilities, however, would require a molecular tag to recruit the dynamin-independent endocytosis. In the authors' preferred scenario, this tag would be selectively located on vesicles with low fusion propensity, but would activate retrieval immediately after fusion. In the latter scenario, this tag may be present on all vesicles and would steadily accumulate on the surface membrane, but would lead to dynamin-independent endocytosis only after reaching a critical density. Some possible candidates for such tags are the synaptic vesicle proteins synaptotagmin-1 and synaptobrevin-2 (also called VAMP-2), both of which are implicated in facilitating synaptic vesicle retrieval 9, 10 . However, further work is clearly needed to identify synaptic vesicle proteins that actively participate in synaptic vesicle retrieval and ensure the proper, functionally effective 3 propose that the number of vesicles that can be retrieved via a dynaminand GTP-dependent mechanism is fixed, and therefore only vesicles released in excess of this pool are recovered via an alternative mechanism. Vesicles are suggested to be predestined for one form of retrieval, and thus form separate pools (orange versus red vesicles). Although it may seem heretical to envision a dynamin-independent form of endocytosis from the current perspective of synaptic vesicle trafficking, there are multiple types of membrane fission that occur without dynamin in other cell biological systems. One example is the budding of COPII vesicles. Their fission from the endoplasmic reticulum requires the Sar1 GTPase, which (like dynamin) hydrolyzes GTP to trigger membrane fission 11 . However, because GTPγS dialysis does not block recovered endocytosis, it is not likely to be driven by any such GTPase.
Another intriguing possibility is that the cargo delivered by exocytosis may actively promote the budding of vesicles during recovered endocytosis, as has long been the prevailing idea about the budding for viruses from the cell surface. The matrix and membrane proteins of some viruses may suffice to form virus particles 12 , whereas other viruses, like HIV, must recruit ESCRT proteins from the host to facilitate budding 13 . The three multi-protein ESCRT complexes were originally described in the context of the formation of the small internal vesicles of multivesicular bodies late in the endocytic pathway in yeast 14 . The interaction between ESCRT proteins and cargo sequestered into internal vesicles seems to be critical, but the mechanism that drives vesicle fission from the limiting membrane is still poorly understood 15 .
The answers to the questions raised by these recent papers 3, 7 probing the requirement of dynamin in synapses will not only further our understanding of the mechanisms of synaptic vesicle recycling, but also provide critical insight to several cell biological processes that are hard to access with high-precision functional measurements similar to those available at synapses.
Joel D Levine
Drosophila courtship is a complex behavior. A new study shows that glia modulate neurotransmission to influence male preference, but the authors should have resisted the temptation to describe their results in tabloid language.
The fruit fly, Drosophila melanogaster, keeps a lot of us in business. The importance of the fly as a model organism for studying genes and development was acknowledged with a Nobel Prize in 1995. Current research in neurogenetics suggests that the fly is equally important as a model organism for studying molecular and cellular mechanisms of behavior 1 . For example, parallel mechanisms that are associated with learning and circadian rhythms are found in flies and humans 1 . Thus, when it comes to the experimental analysis of sexual behavior, the fruit fly may also be viewed as a proxy for the human. How far, though, can we justify drawing parallels between human behavior and Drosophila behavior? In the current issue, Grosjean et al. 2 describe an unexpected role for glial cells in the initiation of male courtship behavior. A mutation that reduces expression of a glial amino-acid transporter causes male flies to court other males with the same probability as females. The authors accordingly named this transporter genderblind. The courtship behavior associated with the genderblind mutation is certainly different from control behavior, but is it really homosexual? During courtship, a wild-type male sees, smells and may taste the trace of a female fly as he orients his body toward her. He then follows her, extends his wing to 'sing' a love song, licks her genitals with his proboscis, curls his abdomen and attempts to mount her to copulate unless she flicks him off. Neurons of both partners fire rapidly during this process. Although the activity of neuronal circuits and neuromuscular excitation occurs on a time scale between milliseconds and seconds, the particular sexual response of a fly is also affected by a number of biological factors that occur over a broad temporal range. A fly's development and life experience accrues over weeks, circadian rhythms affect behavior over the 24 h of the day, and slow modulatory influences on the CNS may act on a time scale of hours (Fig. 1a) .
Grosjean et al. 2 now describe a non-neuronal mechanism that modulates neuronal function in the brain. Such modulatory mechanisms have received increasing notice in Drosophila. One elegant study 3 describes how the fat body, composed of fat cells that surround the adult fly brain, releases peptidergic signals that affect courtship. The fat body has been traditionally viewed as simply a tissue for energy storage, but it is now evident that it also modulates the neural control of behavior. Similarly, glia are often viewed as merely 'glue' supporting neurons, but they also have a behavioral role in the fly brain. A genetic mosaic analysis showed that a handful of glial cells can sustain circadian rhythms of behavior even when there are no rhythmic neurons present in the brain 4 . In addition, glial cells of the wildtype CNS orchestrate circadian rhythms in locomotor activity 5 and are important in the fly behavioral responses to cocaine 6 .
The new behavioral experiments by Grosjean et al. provide insight into how CNS glial cells can also modulate courtship behavior 2 . The genderblind mutant male courts other males in a dose-dependent manner. That is, in an assay of male-male courtship, homozygous mutants court males significantly more than heterozygotes, and both court males significantly more than controls do. In addition, the amount of Genderblind protein expressed by these flies was inversely proportional to the amount of time spent in male-male courtship during these assays. The genderblind mutant males did not court desaturase1 mutant males, which produce unusually small amounts of several
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